extraction blanks) were also used during the DNA extraction process to check for any potential 147 contamination. Total extracted DNA yields were quantified using a QUBIT fluorescence assay 148 (Invitrogen, Carlsbad, California, USA). The fusion primers were HPLC-purified after synthesis (Eurofins, Ebersbeg, Germany), and 162 Polymerase chain reactions (PCRs) were directly performed with the fusion primers on a 163 BIOTAQ PCR kit (bioline BIO-2107), with the following conditions: 3 min initial denaturing at 164 95 °C, 25 or 30 cycles of denaturing for 20 s at 98 °C, 15 s primer annealing at 56 °C and 15 s of 165 primer extension at 72 °C, with a final extension of 1 min at 72 °C. Each sample was run at 166 optimal dilution (1:10 or 1:100) for maximum product yield. PCR reactions were run in 25 μl 167 volume using Q5 High-Fidelity DNA Polymerase (New England Biolabs, Ipswich, 168 Massachusetts, USA). Sextuplicate PCR products were pooled for each sample, and templates 169 were purified using a Zymoclean Gel DNA Recovery Kit (Zymo Research, Irvine, California, 170 USA) according to manufacturing guidelines. Sequencing was performed at the Centre for 171 Genomic Research (University of Liverpool, UK), using the Illumina MiSeq platform with v2 172 chemistry to yield 2x250bp paired-end reads. 173 2.4. Bioinformatics and phylogenetic reconstructions 174 We followed the bioinformatics pipeline according to the recommendations given in recent 186 (2015) (https://bitbucket.org/umerijaz/amplimock/src) for Operational Taxonomic Unit (OTU) 187 construction. The reads were de-replicated and singletons were discarded. In the next step, the reads were clustered based on 97% similarity (e.g., Liu et al., 2009; Tragin et al., 2018 to room temperature, quenched with NaCl (5% by volume), extracted using hexane, and rerun on 230 the GC-FID. GC-FID analyses were performed on an Agilent 7890B Series GC system configured with an Agilent VF-200 ms capillary column (60 m length, 0.25 mm internal 232 diameter, 0.10 µm film thickness) (Longo et al., 2013). Hydrogen was used as the carrier gas at 233 a 36 cm/s column flow rate. The GC method used splitless injection (320 °C), and the oven 234 temperature was programmed from 50 °C (hold for 1 min) to 255 °C at 20 °C/min, then to 300 235 °C at 3 °C/min, followed to 10 °C/min increase to 320 °C and hold for 10 min. Samples were 236 also run with the same temperature program on an Agilent 7890B Series GC coupled with a 237 5977A GC-EI Mass Spectrometer (GC-MS) to confirm the identity the LCAs using the known all featured a LCA profile dominated by C 37:4 alkenone, whereas Dewey Lake featured a profile 247 mainly composed of the C 37:3 alkenone. Richmond Lake displayed a predominance of C 38 248 alkenones over C 37 alkenones, with particularly elevated concentrations of the C 38:3 alkenone. 249 Finally, Lenore Lake showed the presence of tri-unsaturated alkenone isomers, including the 250 C 37:3b isomer, which has been shown to be characteristic of the Group I of LCA-producing Amoebozoa group, and 8 as "uncultured eukaryotes". These eukaryotic groups are commonly 264 found in these and other regional Canadian lakes (Rawson & Moore, 1944; Vogt et al., 2011) . 265 Overall, the number of reads for these non-haptophyte sequences was very low; in average 2120 266 (0.13% of the total reads), with a maximum for OTU_54 (46548 reads; 2.51% of the total reads). 267 The abundance for the 234 OTUs from the Phylum Haptophyta for each lake is shown in a 268 circular phylogenetic tree in Supplementary Figure S1 . We selected the most abundant OTUs for 269 each sample by choosing those with more than 2% of the total reads, resulting in 20 OTUs which 270 represented at least 70% of the total reads in each sample ( Figure 3) Lenore Lake), and OTU_2 (11.3%, 24.6% in Middle and Richmond lakes, respectively). 276 To infer nearest-neighbor relationships with previously published sequences, a phylogenetic In the present study, we analysed sediment from five Canadian lakes for LCA-producing 311 haptophytes to assist with temperature reconstruction. We employed next generation sequencing (metagenomics) forgoes the PCR step and would provide a suitable solution, but is beyond the 341 scope of this study and would be better placed in future work. In the current work, we applied a 342 conservative cut-off of 10% and thus, our subsequent discussion of each lake will mainly focus 343 on the OTUs that occur at an abundance of more than 10% (OTU_16, 29, 21 and 2). 344 The distribution of OTUs varied among sites, with some lakes mainly exhibiting a single 345 haptophyte OTU, whereas other basins presented a greater diversity ( Figure 3 and OTU7, respectively (Figure 4 ). The differences in their proportions among the studied lakes 364 could be then linked in different nutrient conditions. Further studies would be however necessary 365 to test and confirm this hypothesis. 
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These are the OTUs representing more than 2% of the total number of reads. OTUs were grouped 788 according to nearest-neighbour relationships inferred from their phylogenetic tree placement (Figure 4) . 
